Background: Recent studies suggest dairy consumption and associated nutrients may be protective against some of the components of the metabolic syndrome (MetS). Objectives: We examined the association between consumption of a variety of dairy products and their related nutrients with obesity, central obesity, and MetS, and attempted to explain some of the ethnic differences in metabolic outcomes through dairy consumption using national data. Design: Nationally representative indicators of obesity, central obesity, and MetS among US adults were constructed from National Health and Nutrition Examination Survey 1999 -2004 data, including direct anthropometric assessments, blood pressure, and laboratory tests. Sample sizes ranged from 4519 for MetS to 14 618 for obesity. Associations between diet (assessed using 24-h recalls) and metabolic and other outcomes were tested using multivariate linear and logistic models and structural equation models. Results: We found a significant inverse association between intake of whole milk, yogurt, calcium, and magnesium and metabolic disorders. Odds ratios for one more daily serving of yogurt and 100 mg Mg for MetS were 0.40 (95% CI: 0.18, 0.89) and 0.83 (95% CI: 0.72, 0.96), respectively. The opposite was found for intakes of cheese, low-fat milk, and phosphorus. Using structural equation models, ethnic differences in some MetS outcomes, such as body mass index and systolic blood pressure, were partly explained by variations in dairy-related nutrients. Conclusions: Various dairy products may have differential associations with metabolic disorders, including obesity. Ethnic differences in dairy consumption may explain in part the ethnic disparities in metabolic disorders in the US population.
INTRODUCTION
The continuing rise in prevalence of obesity and metabolic syndrome (MetS) in the United States (1-5) constitutes a serious threat to public health, increasing mortality, disability, and health care costs (6 -14) . Among the many factors implicated in the rise in obesity and MetS, recent investigations of the intake of dairy products and calcium have yielded inconclusive results (15) (16) (17) . Although the consumption of some constituents of milk and dairy products, such as saturated fat, point to a deleterious effect on weight status and cardiovascular disease (18 -22) , other components, such as calcium, may have beneficial effects (23) . One hypothesis is that dietary calcium plays a critical role in the regulation of body weight by affecting adipocyte intracellular calcium concentration, decreasing fatty acid synthesis while increasing lipolysis, leading to decreased triacylglycerol (TA) stores (24) . Recent prospective cohort-and cross-sectional studies suggest that dairy and calcium consumption may reduce the risk for obesity (25, 26) or central obesity (26) , type 2 diabetes (27) , hypertension (28, 29) , and MetS (28, 30 -32) . In contrast, other recent studies have not found such beneficial effects (33, 34) .
Most of the previous studies, however, are based on nonrepresentative population samples and thus may not have had sufficient diversity in their samples to study either sex, ethnic, and racial differences in dairy consumption or the association between intake and metabolic disorders. Second, the mediating effect of dairy-related nutrients and the types of dairy products that are most beneficial in terms of metabolic outcomes are still largely unknown. We are not aware of any reports in the United States linking the known ethnic differences in dairy consumption (35, 36) with the ethnic disparities in the prevalence of obesity and metabolic disorders (1) (2) (3) (4) (5) .
The present study assessed the association between consumption of dairy and related nutrients and obesity, central obesity and MetS through the use of the most recent nationally representative data collected from adults in the United States, the 1999 -2004 National Health and Nutrition Examination Survey (NHANES). In addition, we examined the ethnic differences in dairy and related nutrient intakes, metabolic disturbances, and the associations between them.
MATERIALS AND METHODS

Database and study design
The NHANES database comprises a series of cross-sectional surveys initiated in the 1960s that provided nationally representative information on the nutrition and health status of the US civilian population. Since 1999, NHANES has been a continuous annual survey. The data were recently made available for the period 1999 -2004. All of the NHANES surveys used a stratified, multistage probability cluster sampling design. The NHANES survey consists of an in-home interview for demographic and basic health information as well as a health examination in a mobile examination center (MEC). Household interviews were conducted by trained staff, and the MEC is staffed by physicians, medical and health technicians, and dietary and health interviewers. NHANES MEC examinations included direct anthropometric, blood pressure, and laboratory measurements on all participants, or a subgroup. Detailed descriptions of the study design and data collection have been published elsewhere (2, 37) .
Study population
We merged NHANES data for the periods 1999 -2000, 2001-2002, and 2003-2004 and focused on adults aged 18 y and over, a sample of 17 061 (8970 women and 8091 men) with complete demographic data. Of these, 15 009 had complete dietary data (7860 women and 7149 men), and 14 618 had both anthropometric and dietary data available (7652 women and 6966 men). Data for these 14 618 subjects were used in our analysis to examine the association between dairy consumption and body weight. Dietary data were available for 14 484 subjects for waist circumference (WC), 14 464 for blood pressure, 7113 for blood glucose, 9411 for HDL cholesterol, and 7030 for plasma TA measurements. Thus, complete data on MetS and dietary intakes were available for 4519 subjects. It is worth noting that fasting blood sample tests collected by Centers for Disease Control and Prevention (eg, fasting blood glucose and TA) were conducted in only half of the eligible adult sample. A subsample excluding pregnant and lactating women (ȁ8% of the total sample) was also considered for sensitivity analysis. Only the first day of recall was used in this study to give equal weight to all 3 periods. A sensitivity analysis was conducted to assess differences in estimates of intake using one compared with 2 recalls for [2003] [2004] , and the correlations between the 2 methods over the whole period of 1999 -2004 for dairy-related nutrients (see below) and total energy intake were high, 0.95. The amount of food consumed daily by an individual was estimated by summing the weight of foods belonging to a common group (eg, milk of various fat contents, cheese, yogurt, and all dairy). A database for converting grams of individual foods into servings was created using data available for NHANES 2001-2002, which was then used to convert grams into servings for the whole period of 1999 -2004 (38) . Dairy consumption-related nutrients [calcium, phosphorus, magnesium, and dairy fat expressed as 14:0 (myristic acid) as percentage of total fat intake] were readily available for all 3 waves and were of particular interest. Correlations between total dairy (expressed as servings) and the related nutrients were 0.88 for calcium, 0.45 for magnesium, 0.69 for phosphorus, and 0.49 for dairy fat (P 0.05). In most analyses, the nutrients were expressed as per 100 mg. However, it is worth noting the incommensurability between these amounts, given that current Dietary Reference Intakes for healthy adults differ considerably (eg, 1000 mg for calcium, 700 mg for phosphorus, and 420 mg for magnesium) (39) .
Data collection and key measurements
Anthropometric measures
Anthropometric measurements were recorded for all examinees by a trained examiner in the MEC. In particular, weight was measured for all ages, whereas standing height and waist circumference (WC) was measured for all adults (40) . WC was measured using a tape measure starting from the hip bone and wrapping around the waist at the level of the navel in such a way that it is kept parallel to the floor, the person is not holding his or her breath, and it is not wrapped too tight or too loose.
Blood pressure
Three and sometimes 4 blood pressure determinations [systolic (SBP) and diastolic (DBP)] during MEC examinations, and during home examinations for those older than 50 y, were obtained on all eligible individuals using a mercury sphygmomanometer (41) . The average of 3 determinations was the main variable of interest, and the fourth one was dropped.
Laboratory tests
Detailed specimen collection and processing instructions are described in the NHANES Laboratory/Medical Technologists Procedures Manual (43) . Through use of these instructions, (1) fasting blood glucose was analyzed using a reaction between glucose and ATP catalyzed by the enzyme hexokinase; (2) TAs were measured enzymatically in serum or plasma using a series of coupled reactions in which TAs were hydrolyzed to produce glycerol; and (3) HDL cholesterol was measured using 2 methods. For adults in our sample, a heparin-manganese precipitation method was used, unless limited sample volume was available, in which case a direct immunoassay technique was substituted.
Other main covariates: sociodemographic variables
Age, sex, and ethnicity (categorized as non-Hispanic (NH) whites, non-Hispanic blacks, Mexican Americans, and other groups) were considered as independent variables with both dairy consumption and other health outcomes. Education and family income were chosen as the main indicators of socioeconomic status (SES) (43) . Education was measured by years completed, and the participants were then grouped into 0: high school (HS; 12 y) education, 1: HS education, and 2: HS education. The poverty income ratio is the ratio of household income and the poverty line published by the Census Bureau for a certain family size in that calendar year. Specifically, we used the poverty income ratio tertiles at each survey to indicate low-, medium-, and high-income groups. Physical activity, selfreported in terms of vigorous activity over the past 30 d that was dichotomized as 1 ҃ yes and 0 ҃ no, was included as dummy variables in models where outcomes were obesity, central obesity, MetS, or separate metabolic outcomes to control for physical activity as a potential confounder. (45) . The number of metabolic disturbances was also examined in its continuous form, primarily to test whether rates that varied by sociodemographic factors could be explained by variations in dairy consumption.
Statistical analysis
First, we described the sex and ethnic differences in US adult intakes of dairy and related nutrients as well as differences in obesity and MetS outcomes, taking into account the complex sampling design for variance estimation, and used appropriate weights to obtain nationally representative estimates. Differences in means between groups were tested using analysis of variance and t tests. Associations between categorical variables were tested using chi-square tests.
Next, a series of linear and logistic models were fit to examine sociodemographic factors as potential confounders in their mutual relation with dairy consumption and metabolic outcomes, including obesity, central obesity, and MetS. We fit multivariate logistic regression models to examine the association between intakes of dairy and related nutrients and metabolic outcomes (obesity, central obesity, and MetS). All models controlled for sociodemographic factors, energy intake, and physical activity. In addition, a sensitivity analysis was carried out excluding women who were pregnant or lactating at the time of the survey (ȁ 8% of the total sample and 16% of the female sample).
Finally, racial/ethnic differences in metabolic outcomes were examined using structural equation models (SMs) (46, 47) . Direct, indirect, and total effects of ethnicity as well as mediation proportions (MPs) by dairy and related nutrient intakes were estimated as indicated in Figure 1 (47) . MPs 10% were considered significant mediation whereas MPs between 5% and 10% were considered borderline significant. We focused on those total effects of ethnicity on MetS outcomes that were statistically significant. In all analyses, except for SMs, in which data were fitted using the SAS CALIS procedure, version 9.1 (48), design complexity [primary sampling units (PSUs), strata, and sampling weights] was taken into account using STATA release 9.0 (49) survey-related commands.
RESULTS
Ethnic differences in intakes of dairy products and related nutrients as well as the prevalence of obesity and MetS
The distribution of daily dairy consumption, related nutrients, and metabolic outcomes by sex and race/ethnicity is presented in Table 1 . On average, US adults consumed 1.54 servings of dairy, (0.90 in fluid milk and 0.60 in cheese) per day. Mean dairy intake was 247.3 g, with men consuming a larger amount. Only 18% of men and 10% of women consumed the recommended 3 servings/d or more of dairy products. NH blacks had fewer mean servings per day compared with NH whites and other minorities. These ethnic disparities in dairy consumption were also reflected in the dairy-related nutrients, with NH blacks having the lowest daily intakes of calcium, magnesium, phosphorus, and dairy fat.
In terms of metabolic profile, men had worse metabolic outcomes than did women, with the exception of BMI, prevalence of obesity, central obesity, and the mean number of metabolic disturbances, all of which were higher among women. BMI, WC, SBP, DBP, and HDL cholesterol were highest, whereas plasma TA was lowest, among NH blacks, whereas fasting blood glucose was highest among Mexican Americans, closely followed by the "other" category. Whereas obesity and central obesity prevalence rates were highest among NH blacks, mean number of metabolic disturbances was highest among the "other" race/ethnicity category, and lowest among NH blacks, whereas no significant ethnic differences were noted in terms of MetS.
Multivariate linear regression analyses suggested that dairy consumption is significantly higher among subjects with more than a HS education, and significantly lower among women and minority groups ( Table 2) . Only obesity and central obesity were significantly higher among women. NH blacks were more likely than NH whites to be obese or centrally obese [odds ratio (OR) 1.55; 95% CI: 1.42, 1.70 and 1.16; 95% CI: 1.04, 1.29, respectively] but were less likely to have MetS. These associations were more pronounced among women. In fact, among men, NH blacks were less likely than NH whites to have central obesity or MetS. For both genders combined, income (poverty income ratio: high compared with low) was inversely related to obesity and central obesity, whereas education (HS compared with HS) was inversely related to central obesity (OR: 0.84; 95% CI: 0.73, 0.96) and MetS (OR: 0.63; 95% CI: 0.45, 0.89). Path diagram for direct and indirect effects of ethnicity on obesity and metabolic disturbance outcomes through intakes of dairy and related nutrients. NH, non-Hispanic; MS, metabolic syndrome. *Modeled using the continuous measures of body mass index, waist circumference, systolic blood pressure, fasting blood glucose, and total number of disturbances as the outcome variables. ␣: path coefficient between measured variables in model j; j: model notation specific to metabolic outcome. Direct effect: ␣1; indirect effect: ⌺␣2҂ ␣3 for k ҃ 1 and 2, separately. k: 1 for food groups and 2 for related nutrients. Mediation proportion ҃ Indirect҂100/(Indirect ѿ Direct effects). Exogenous variables included in the model were age, education, sex, and income. Energy was included as an additional mediator or endogenous variable.
TABLE 1
Gender and ethnic differences in intakes of dairy foods and related nutrients, obesity, and metabolic outcomes: NHANES, 1999 -2004 Defined as waist circumference 102 cm for men and 88 cm for women.
5
Defined based on NCEP ATP III described in Methods.
6
Three or more metabolic disturbances as listed above represent MetS. Metabolic disturbances may range between 0 and 5. See Table 1 for definitions of obesity, central obesity, and metabolic syndrome. These are based on multivariate regression analyses. Linear regression was conducted for dairy consumption, and logistic regression was conducted for obesity, central obesity, and metabolic syndrome. All models were controlled for age. NHANES, National Health and Nutrition Examination Survey; OR, odds ratio; Ref, reference; NH, non-Hispanic; Mex Am, Mexican American.
P
0.05 for the null hypothesis that the regression coefficient ␤ ҃ 0 or that the regression coefficient corresponding to OR is equal to zero.
The association between intakes of dairy and related nutrients and obesity and MetS outcomes
Multivariate logistic regression models suggested that there was overall a net increase of 5% in prevalence of central obesity for each dairy serving among men (borderline significant likelihood ratio test for interaction between sex and dairy servings; P 0.10) ( Table 3 ). The same pattern of association was found among NH whites and other ethnic groups. On average, each serving of dairy products increased the risk of MetS by 8% among men. This association remained significant after controlling for other major food groups, such as grains, meat, fruits and vegetables, alcohol, caffeine, and added sugars.
In model 2, a distinction between high-fat and low-fat dairy products was drawn, and milk consumption was expressed in 100-g increments. Using this model, whole milk was weakly and negatively associated with the prevalence of central obesity, whereas low-fat milk had the opposite effect. Each serving of yogurt was associated on average with a 2-to 2.5-fold reduction in the prevalence odds of obesity, central obesity, and MetS. Cheese seemed to be associated with a higher prevalence of our main outcomes, on average by 11-16%. None of the significant associations between dairy consumption and metabolic outcomes that were found in the total population were observed among NH blacks.
In terms of dairy-related nutrients, model 3 suggested that magnesium and, to a much lesser extent, calcium were inversely related, and phosphorus was positively related, to poor metabolic profiles. An increase in calcium intake by 100 mg was associated with a 3% reduction in the prevalence odds of obesity, whereas the same increment in magnesium was associated with a greater magnitude of reduction in the prevalence of obesity (OR: 0.78; 95% CI: 0.72, 0.85), central obesity (OR: 0.80; 95% CI: 0.76, 0.85), and MetS (OR: 0.83; 95% CI: 0.72, 0.96). In contrast, each 100-mg daily intake of phosphorus was associated with a 5-7% increase in prevalence of all 3 outcomes. Among NH blacks, magnesium was inversely associated with obesity and central obesity, whereas phosphorus was inversely associated with MetS (OR: 0.88; 95% CI: 0.79, 0.98). Furthermore, in model 5, we adjusted for additional food groups (eg, total fruits, dark green vegetables, whole grains, and added sugars) to assess confounding of the relation between dairy consumption and binary metabolic outcomes by associated dietary patterns. A major portion of the association between yogurt and MetS appeared to be explained by other dietary patterns, mainly lower intake of eggs and higher intake of dark green vegetables and caffeine. Similarly, the positive association between cheese and central obesity was partly explained by reduced intake of fruits and increased intake of animal-source foods, discretionary solid fat and oils. All other associations remained significant.
When dairy consumption and related nutrients were examined in relation to individual metabolic outcomes as continuous variables (Table 4) , we found that among all subjects, and among men in particular, fluid milk (servings) was inversely related to blood pressure (SBP and DBP) but was not associated with the other metabolic outcomes. Yogurt was associated with better metabolic outcomes, ie, reduced BMI, WC, SBP, and fasting glucose for both genders, reduced total number of disturbances in the whole sample, and increased HDL cholesterol level among women. In contrast, cheese was positively associated with BMI, WC, SBP, and fasting glucose level in the whole sample, and with total number of disturbances among men, but none of the associations with cheese were significant among women. Dietary phosphorus was associated with increased BMI, WC, fasting glucose, reduced HDL cholesterol, and increased number of metabolic disturbances for both sexes combined. In contrast, magnesium was associated with an overall better metabolic profile, including reduced BMI, WC, DBP, fasting glucose and TAs, increased HDL cholesterol, and reduced number of metabolic disturbances, with few sex differences.
We also tested whether the associations between dairy consumption and metabolic outcomes would hold when adjusted for overall dietary quality resulting from intakes of food groups and nutrients other than dairy foods based on the dietary intake guidelines for Americans (using the revised US Department of Agriculture Healthy Eating Index components) (50). After control for the total score of the nondairy components of the new Healthy Eating Index in addition to energy intake and demographic factors, our models indicated that the most of the associations shown in Table 4 did not change, although it seemed that some of those between dairy products and HDL cholesterol or TAs were mainly explained by associated healthy dietary patterns (Appendix A).
Are the associations of dairy products with obesity and related metabolic outcomes mainly because of their nutrient content?
We assessed whether the associations between total or individual dairy products and various metabolic outcomes were mediated by their nutrient content (Table 3 , model 4). Some dairyrelated nutrients appeared to mediate the association between dairy consumption on some metabolic outcomes. In fact, additional analysis suggested that the weak positive association between low-fat milk and central obesity was apparently mediated by magnesium intake. Moreover, whereas the effect of yogurt remained significant after introducing related nutrients into the model, in the case of obesity and central obesity, the effect became nonsignificant for MetS. Additional analyses suggested that calcium was sufficient to explain away the effect of yogurt on the risk of MetS. In contrast, the effect of cheese on MetS may be mediated through variations in magnesium and phosphorus intakes. All 3 nutrients were needed to explain the association between cheese and central obesity. All analyses were conducted again after excluding women who were pregnant or lactating at the time of the survey and results were similar, leading to the same overall conclusions.
Are ethnic disparities in the prevalence of obesity and metabolic disorders mediated by differences in dairy consumption?
Our SMs reveal that among total effects that were statistically significant, differences in BMI between the NH black and NH whites (␤ ҃ 1.70; P 0.05) were explained in small but significant part by dairy-related nutrients, particularly higher intakes of calcium and magnesium, and lower phosphorus intake (MP ҃ 5.29). In terms of SBP, differences between NH blacks and NH whites (␤ ҃ 5.5; P 0.05) were also partly explained by dairyrelated nutrients with a borderline significant MP ҃ 5.60. A similar pattern was observed for SBP when comparing Mexican Americans with NH whites (␤ ҃ 1.81; P 0.05) with an even more significant MP ҃ Ҁ11.0. None of the other statistically significant ethnic contrasts were appreciably explained by either dairy products or dairy-related nutrients ( Table 5) . 1 NHANES, National Health and Nutrition Examination Survey; OR, odds ratio; NH, non-Hispanic; Mex Am, Mexican American. Each model controls for age, sex, ethnicity, socioeconomic status (education and poverty income ratio), energy intake, and physical activity. Additional models derived from model 4 showed that adding only calcium in the model explained the effect of yogurt on metabolic syndrome. Adding only magnesium or phosphorus retained the significance of both the effects of cheese and yogurt. The effect of cheese was explained away by phosphorus and magnesium. Those two nutrients did not explain the effect of yogurt on their own. The effect of low-fat milk on central obesity is explained away by magnesium. The effects of low-fat and whole milk on central obesity were not explained away by other food groups.
2 Defined as waist circumference 102 for men and 88 for women. 3 Based on NCEP ATP III described in Methods. 4 P 0.05 for the null hypothesis that the regression coefficient corresponding to the OR is equal to zero. 5 P 0.10 for interaction between subgroup variable and total dairy intake (servings) in affecting outcome. 6 Model 5 is model 2 for all subjects after control for selected major food group servings: total fruit, dark green vegetables, deep yellow vegetables, whole grains, nonwhole grains, legumes, nuts/seeds, soy, total meat/poultry/fish, eggs, grams of discretionary solid fat, grams of discretionary oils, added sugars (teaspoons), alcoholic beverages (servings), and mg of caffeine. Based on NCEP ATP III criteria described in Methods. Total
All fluid milk (servings) 
DISCUSSION
Our findings, based on the most recent nationally representative US data, revealed a significant inverse association between consumption of dairy products and their related nutrients, particularly milk, yogurt, calcium, and magnesium, and health outcomes such as obesity, central obesity, and MetS. However, there was a positive association with cheese consumption and phosphorus intake. For example, the ORs between cheese consumption (servings) and obesity, central obesity, and MetS were 1.14 (1.08, 1.21), 1.11 (1.05, 1.17), and 1.16 (1.04, 1.29), respectively; whereas the corresponding ORs for yogurt consumption (servings) were 0.51 (0.36, 0.73), 0.51 (0.37, 0.70), and 0.40 (0.18, 0.89), respectively. The risks of these conditions were ȁ20% lower with a 100 mg/d increase in magnesium intake. Compared with magnesium, which appeared to mediate the association between low-fat milk intake and central obesity, calcium had a weak inverse association with obesity but may be mediating the association between yogurt and MetS. The combined variation of magnesium and phosphorus mediated the effect of cheese on MetS. When considering individual metabolic components of MetS, milk was significantly associated with reduced SBP and DBP. All other types of dairy products and related nutrients yielded similar results to those observed with binary outcomes, particularly cheese, yogurt, phosphorus, and magnesium.
Our study confirmed some previous findings regarding the beneficial effects of dairy and calcium intake. Our results also highlight the complex relation between dairy foods and obesity and metabolic outcomes. For example, the beneficial effect was not detected when all types of dairy products were pooled together. In contrast, an adverse effect was detected in some population groups. Among men, dairy increased the risk of central obesity by 5% (per serving) and of MetS by 8%. Consumption of cheese, low-fat milk, and phosphorus were all positively associated with some of these adverse health outcomes as well. Some previous studies reported an inverse association between total dairy intake and adiposity (25, 26, 30, 51, 52) or obesity comorbidities (27) (28) (29) (30) (31) (32) 53) , whereas others did not (33, 34) . The differences in findings were likely mainly attributable to variations in study samples (including heterogeneity in their ethnic/ genetic background, age groups, and dietary consumption, including the types of dairy products), study design, outcome assessment, and data analysis methods. Our study systematically examined the various types of dairy products and related nutrients and included all adult age groups.
Whereas many studies have focused on the calcium component of dairy (25, 26, 28, 34, (51) (52) (53) (54) (55) (56) , fewer have assessed the effects of dairy fat (26) and magnesium (53, (57) (58) (59) , and none have examined the effects of phosphorus intake. Our study examined all these conjointly. Unlike our findings, however, one study reported low plasma phosphorus levels in subjects with MetS compared with healthy individuals (60). In general, most studies observed weakly inverse or null associations between calcium and magnesium and obesity, central obesity, and MetS. Whereas calcium was shown to mainly alter adipocyte metabolism, as discussed earlier (51), as well as modulate blood pressure (61), magnesium's biological pathway involves regulating insulin sensitivity, vascular tone, and blood pressure homeostasis. In addition, intracellular or serum magnesium deficiency is a common feature of both diabetic and hypertensive states, as well as various other cardiovascular and metabolic processes, and aging (62) . This result is in line with our findings regarding magnesium's inverse association with elevated blood pressure and glucose. Its inverse association with obesity and central obesity found in our present study may be attributable to dietary magnesium's ability to form soaps with fatty acids in the intestine and thus reduce the digestible energy content of the diet (63) . Finally, the inverse relation between magnesium and plasma TAs, and its direct positive association with HDL cholesterol can be explained by magnesium's ability to increase lipoprotein lipase activity, which is involved in the conversion of TAs to HDL cholesterol (64) .
A few previous studies made a distinction between various types of dairy products, including 2 recent large prospective cohort studies that found a general pattern of low-fat dairy being protective against type 2 diabetes and MetS (27, 31) . Similar to our findings, a recent cross-sectional study among older adults in the Netherlands found that whole milk was associated with lower BMI and WC, whereas low-fat milk had the opposite effect (29) . We suspect that in both this study and ours, obese people, when consuming milk, might have modified their eating behaviors and been more likely to choose low-fat milk, whereas thinner subjects were less likely to alter their behavior in response to perceived fat content.
The protective effect of yogurt (23, 24, 65) and adverse effect of cheese (29) have been shown in other selective study samples. The deleterious effect of cheese may be the result of its higher energy density compared with other dairy products (eg, 336 kcal/per 100 g compared with 110 kcal for yogurt and 35-61 kcal for milk of various fat content, skim to whole milk), its elevated content in saturated fat, and possibly its higher phosphorus content compared with other dairy products. Another possible explanation is its high level of sodium compared with other dairy products, which may also trigger excessive intake of high-calorie beverages. Yogurt, a fermented dairy product, was shown to reduce absorption of cholesterol and therefore prevent dyslipidemia (24) and is thought to increase calcium bioavailability through its high acidity (24) .
Another main finding of our analysis is that large ethnic disparities exist for intakes of dairy and calcium, and for all metabolic outcomes. In particular, NH blacks had lower dairy intake levels, and the highest prevalence of obesity and central obesity, whereas the "others" ethnic group had the highest mean number of metabolic disturbances. Interestingly, NH blacks had the fewest metabolic disturbances compared with other ethnic groups. The differences appear to be mainly the result of their high HDL cholesterol and low TAs.
Our analyses suggest that ethnic differences in metabolic outcomes, particularly higher BMI among NH blacks and SBP among NH blacks and Mexican Americans compared with NH whites, may be at least in part explained by variations in dairyrelated nutrients. Inadequate dairy consumption (3 servings) was found in over 80% of the study population, and mean dairy servings were particularly low among minority groups. Only 6.5% of NH blacks and 11.4% of Mexican Americans reported consuming 3 servings or more per day, as recommended. Greater efforts are needed to help all Americans consume more dairy products, in particular the low-fat items, to have adequate calcium and vitamin D intake. The lower intake of dairy products by minority groups, particularly NH blacks, may be the result of their higher prevalence of lactose intolerance compared with NH whites (66) . However, this concept has been recently challenged by studies suggesting that NH blacks can consume at least one cup (8 oz) of milk without experiencing symptoms, and that tolerance can be improved by consuming the milk with a meal, choosing yogurt or hard cheeses, or using products that aid in the digestion of lactose (such as lactase supplements or lactosereduced milks) (67, 68) . Our lack of ability to detect significant associations between dairy consumption and binary metabolic outcomes (obesity, central obesity, and MetS) within the NH black group may be partly because of their smaller sample size.
The present study has a number of strengths. First, it is based on recent, nationally representative data of adults in the United States. Our analysis accounted for design complexity and yielded national estimates. Second, this study is one of very few that examined both dairy consumption of varying types and dairyrelated nutrients in relation to adiposity and various metabolic outcomes of interest. Third, to our knowledge, this attempt is the first to examine the role of dairy consumption in explaining ethnic disparities in adiposity and metabolic outcomes, through use of structural equations modeling techniques.
A main limitation of this study is its cross-sectional design, which precludes inferences on causation. Residual confounding caused by measurement error in covariates included, or noninclusion of important confounders, as well as possible eating behavior changes as a result of health conditions are possible explanations for some of the associations, including the positive association of low-fat milk with metabolic outcomes. In addition, some recent studies suggest that MetS may not be a clinically useful endpoint to study and that the clustering of disturbances may not be more predictive of cardiovascular disease and mortality than its separate components (69, 70) . Many studies, however, still consider MetS an important endpoint that can be targeted and prevented by lifestyle and environmental changes.
In summary, our results suggest that the health effects of dairy products and related nutrients are complex and may not be uniform across the population, at least for obesity and related metabolic disorders. The data also indicate that variations in consumption of dairy products and dairy-related nutrients appear to be factors that account for some of the disparities in risk of obesity and its co-morbidities between major ethnic groups in the US.
APPENDIX A
Associations between dairy consumption, related nutrients, and metabolic outcomes among all subjects, controlling for nondairy components of the Healthy Eating Index: NHANES, Table 4 (ie, age, sex, ethnicity, education, poverty income ratio, energy intake, and physical activity) plus a measure of dietary quality, ie, the new USDA 2005 Healthy Eating Index score excluding the dairy component. Metabolic disturbances were defined based on NCEP ATP III criteria described in Methods.
2 P 0.05 for null hypothesis that ␤ ҃ 0.
